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Q U A T E R N A R Y  GEOLOGY OF THE D A M A R I S C O T T A  ESTUARY
Daniel F. B e l k n a p 1 ’2 *3 and R. Craig S h i p p 3 
Dept. Geological S c i e n c e s 1 * Center -for Marine S t u d i e s 2 , and O c e a n o g r a p h y
P r o g r a m 3 , U n i v e r s i t y  of Maine, Orono, ME 04469
I N TR O DU C TI O N
Maine is p o p u l a r l y  known for its "rock-bound coast." This is an apt 
desc r i pt io n  for the exposed marine littoral, but there are a m u l t i t u d e  of 
other e n v i r o n m e n t s  in more p r o t e c t e d  locations. The coast of Maine is more 
a ccurately c h a r a c t e r i z e d  by peninsulas, islands and embayments. P l e i s t o c e n e  
till, outwash, and g l a c i o m a r i n e  mud form bluffs which are a source of 
sediments to the H olo ce n e systems. Within the headward and marginal portions 
of e m b a y m e n t s  are broad subtidal and intertidal flats, fringing salt marshes, 
and occasional broad marshes. The r e la ti v e  a b u n d a n c e  of the rocky ledge, 
mudflat, marsh, and bluff e n v i r o n m e n t s  varies along the coast, d e pe n d i n g  on 
bedrock s t r u c t u r e  and Q u a t e r n a r y  history. The coastal and Q u a t e r n a r y  setting 
of Maine's coast has r e c e n t l y  been s ummarized by Kelley and Kelley (1986).
Coastal E n v i r o n m e n t s
The Maine coast has been divided into four coastal g e omorphic 
c o m p a r t m e n t s  (Jackson, 1837; Kelley, in press) (Figure 1). The d i v i s i o n s  of 
this c l a s s i f i c a t i o n  reflect u n d e r l y i n g  c ont ro l s by bedrock s t r u c t u r e  and 
Q u a t e r n a r y  sediment supply. The southwest coast (SW) , from K i t t e r y  to Cape 
Elizabeth c o n s i s t s  of arcuate pocket beaches and barrier spits as well as 
rocky headlands. This zone has e x t e n s i v e  broad m a rshes behind the b a r r i e r s  
and in drowned river valleys. Abundant sandy outwash has allowed the 
d e v e l o p m e n t  of these H o l o c e n e  barrier systems.
The west-central c o m p a r t m e n t  (WC) from Cape E l iz a b e t h  to Rockland is a 
drowned coast of long linear e m b a y m e n t s  and peninsulas. The form of the coast 
is c o n t r o l l e d  by u n d e r l y i n g  bedrock s t r u c t u r e  and l i th o l o g y  su bj e c t e d  to 
differential erosion. This c o m p a r t m e n t  can be further s u b d i v i d e d  by the 
o r i e n t a t i o n  of the estuary with respect to bedrock strike: strike parallel 
embayments, such as the D a m a r i s c o t t a  River, and s t r i k e - n o r m a l  embayments, such 
as Casco Bay (Belknap et al., in press 1986b). This d i s t i n c t i o n  is related in 
part to o r i e n t a t i o n  of glacial flow with respect to bedrock strike, and 
resulting glacial scour and glacial and g l a c i o m a r i n e  deposits. During the 
latest P l e i s t o c e n e  d e g l a c i a t i o n  and marine s u bm e r ge nc e ,  this area was a deep 
embayment, and was covered with thick g l a c i o m a r i n e  mud, the Pres u mp s co t  
Formation of Bloom (1963).
The east-central (EC) c o m p a r t m e n t  is c o n t r o l l e d  by large granitic 
















MODIFIED FROM-' T H O M P S O N  AND
B O R N S  . 1984
Figure 1. Location Map. Maine coast with coastal c o mp a rt m e n t s ,  and the
extent of the marine submergence. After Belknap et al., 1986b.
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and headlands. Shipp et al. (1985) have -further s u b d i v i d e d  this c o m p a r t m e n t  
into the large bays o-f P e n o b s c o t  Bay to F r e n c h m a n  Bay and small bays -from 
G o u l d s b o r o  Bay to Little M a c h i a s  Bay.
The n ort h e a s t  (NE) coastal c o m p a r t m e n t  is a s t r a i g h t  c l iffed coast o-f 
m e t a v o l c a n i c  and m e t a s e d i m e n t a r y  rocks, with a -few pocket beaches. Its shape
is c o n t r o l l e d  by P ale o z o i c  bedrock -faults and wave activity.
%
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Q u a te rnary S e a - l evel C h a n g e s
The coast of Maine has been a f fe ct e d  s t r o n g l y  by r e l a t i v e  sea-level 
c hanges over the past 13,000 years. During d e g l a c i a t i o n ,  the sea was in 
contact with r e t r e a t i n g  ice, and reached 70-80 m above present in the 
D a m a r i s c o t t a  region about 12,500 years B.P. (Figure 2). At this time there 
was a short high stand as ice g r o u n d e d  and g l a c i o m a r i n e  deltas were d e p o s i t e d  
(see: T h omp s on  and Borns, 1985). From 13,000 to about 11,000 yrs. B.P. the 
g l a c i o m a r i n e  P r e s u m p s c o t  F o r m a t i o n  was d e p o s i t e d  over the region. As glacial 
ice r e treated, the rate o-f i s os t a t i c  rebound o u t p a c e d  e u st a ti c  sea-level rise, 
and so r e l a t i v e  sea level -fell r a p i d l y  to a lowstand at 65 meters below 
present about 9500 yrs. B.P. During lowstand P l e i s t o c e n e  s e d i m e n t s  were 
subjected to subaerial and coastal erosion and s i g n i f i c a n t  s h o r e l i n e  -features 
were produced. Finally, as the rate of i s os t a t i c  r e b o u n d  d ecreased, r e l a t i v e  
sea level rose with e u sta t ic  rise. The curve is best c o n s t r a i n e d  by 1AC dates 
on salt marsh peats for the period after 6000 years B.P. These sea-level 
c hanges are d e s c r i b e d  in more detail by Belknap et al. (in press 1986 
a,b,c,d), and by Sc hn i t k e r  (1974a). The c h a n g i n g  levels of land and sea thus 
resulted in a marine s u b m e r g e n c e  in i m m e d i a t e  contact with the ice, f oll ow e d 
by a rapid regr e ss i on ,  a s i g n i f i c a n t  lowstand, u l t i m a t e l y  followed by the 
rapid and then slowing t r a n s g r e s s i o n  which c o n t i n u e s  today.
The deglacial and H o l o c e n e  s e d i m e n t a r y  p r o c e s s e s  have been s t r o n g l y  
affected by these sea-level changes. A n a l y s i s  of over 3000 km of high 
r e s o l u t i o n  seismic profiles, over 110 vibracores, and over 500 marine sediment 
grab s amples has allowed us to model the g e ol o gi c  h i s t o r y  and s t r a t i g r a p h y  of 
these Q u a t e r n a r y  marine units. A typical s t r a t i g r a p h i c  section for the coast 
is based on g l a c i a l l y - s c u l p t e d  bedrock, capped by glacial and deglacial 
sediments. The base of the s e d i m e n t a r y  section is often diamicton, either a 
thin basal till or mounded into m o r a i n e s  of v a r i o u s  sizes. O v e r l y i n g  the 
till, and i n t e r f i n g e r i n g  with the m o r a i n e s  in some areas is the g l a c i o m a r i n e  
mud of the P r e s u m p s c o t  Fm. Also i n t e r f i n g e r i n g  with the P r e s u m p s c o t  Fm. is 
s t r a t i f i e d  sand and gravel outwash, in some places a c c u m u l a t i n g  as 
g l a c i o m a r i n e  deltas. The P l e i s t o c e n e  units are capped by an erosional 
u n c o n f o r m i t y ,  n o t a b l e  for shor e l in es ,  fluvial erosion, and soil development. 
The top of the P r e s u m p s c o t  Fm., in part i cu l ar ,  is n o t a b l e  for an oxidized, 
d e s i c c a t e d  zone of subaerial w e at h e r i n g ,  for gullies, and for slumps.
Overlying the u n c o n f o r m i t y  are H o l o c e n e  e s t u a r i n e  and marine deposits, most 
c o m m o n l y  c o n s i s t i n g  of tidal flat mud overlain by more marine mud as 
t r a n s g r e s s i o n  continued. In some places salt marsh peat has been preserved.
At the mouth of major rivers, such as the Kennebec, sand and gravel was 
reworked from u p s t r e a m  g l a c i o f l u v i a l  s o urces (Borns and Hagar, 1965) and has 
been d e p o s i t e d  as deltaic deposits, now s u b m e r g e d  below sea level near the 
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Figure 2. Late Q u a t e r n a r y  local r e l a t i v e  sea-level curve, based on
r a d i o c a r b o n  dated shells and peats and present elevations. After: 
Bel knap et a l ., 1 9 8 6 b .
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H o lo ce n e  Coastal Evolution
During the late H o l o c e n e  the Maine coast has evolved through a 
c o m b i n a t i o n  of rising sea level, coastal erosion, and sediment a c c u m u l a t i o n  in 
protected locations. A model of this e v o l u t i o n  (Figure 3) has been p r es e n t e d  
by Kelley (1986 in press) and Belknap et al. (1986b in press). The e s t u a r i n e
model is divided into three zones.
*
In the inner zone (zone I) marsh and tidal flats are the dominant 
s e d i m e n t a r y  e n v i r o n m e n t s ,  with vegetated, s t a b l e  bluffs on the landward 
margins of marshes, and u n s t a b l e  bluffs often found behind flats where marshes 
are absent. T u r b i d i t y  is highest in this section of the estuary. This zone 
is c o n s i d e r e d  to have rapid rates of sediment a c c u m u l a t i o n  (1 cm/year or
greater, as d e t e r m i n e d  from 2 1 ®Pb , 13 7 C s , and pollen data: Schnitker, 1972;
Hay, in p r e p a r a t i o n ) . This sediment may come from the rivers, from the Gulf 
of Maine (Schnitker, 1974b), or most likely from internal r e c y c l i n g  of 
P l e i s t o c e n e  and H o l o c e n e  s e d i m e n t s  (Belknap et al., 1986a,b in press; Kelley, 
1986 in press). In the central e s t u a r i n e  zone (zone II) ma rshes are small, 
d i s c o n t i n u o u s  and only fringe the embayment. Intertidal and subtidal m u dfl a ts  
are more common than marshes, and often front eroding bluffs. Sediment 
a c c u m u l a t i o n  is episodic, p r i m a r i l y  from s l um pi n g  of bluffs, and highly 
variable. Anderson et al. (1981a,b) measured h i g h l y  v a r i a b l e  rates of 
s e d i m e n t a t i o n  and erosion which were s e a s o n a l l y  linked (erosion from October 
to March) in this zone in the D a m a r i s c o t t a  River e s t u a r y  at the p r o t e c t e d  
Lowes Cove, but c o mpu t ed  a net a c c u m u l a t i o n  rate of 0.9 cm/yr.
The marine end of the e s t u a r y  (zone III) is s t rip p ed  nearly bare of
sediments, both in the intertidal zone and on the rocky subaerial peninsulas.
The only s e d i m e n t a r y  e n v i r o n m e n t s  are high energy pocket beaches with g r a v e l l y  
flats in p r o t e c t e d  coves. Below wave base in the estuary, however, p o rt io n s  
of the s t r a t i g r a p h i c  column are preserved. Mud flats are winnowed at the 
interface of zones II and III, p r o d u c i n g  sand and gravel lags while the mud is 
moved landward and seaward by tidal currents.
The p r e d i c t i o n s  based on this model are that as sea level rises, these 
three zones are displaced landward, in a c c o r d a n c e  with W a l t h e r ' s  Law. The 
degree of p r e s e r v a t i o n  of s e di me n t  from any s p e c i f i c  e n v i r o n m e n t  depends on 
e s t u a r i n e  geometry, which c o n t r o l s  the local i m p o r t a n c e  of each e n v i r o n m e n t a l  
lithosome, and the rate of sea-level rise, as d i s c u s s e d  by Belknap and Kraft 
(1981, 1985). The s e d i m e n t s  are r e cyc l ed  from seaward (zone III) to landward 
(zone I), storing sediment t e m p o r a r i l y  in the flats and marshes. New sediment 
is i n tr o d u c ed  p r i m a r i l y  from bluff erosion, with a low amount of p r i m a r y  
fluvial input, and an unknown co mp o n e n t  of marine s e d i m e n t s  brought in by 
e s t u a r i n e  circulation. This model applies to the present slowly rising sea 
level. It is likely that at a lower stage of sea level, with more rapid rise, 
s e d i m e n t s  may have been e f f i c i e n t l y  carried out of the e s t u a r i e s  and dumped 
into the deeper marine basins.
The D a m a r i s c o t t a  River E stuary
* 1 • * * . .... .. . .. . . . .  - .. . . . . . . . . . . . .  . . . , . #.
The D a m a r i s c o t t a  River (Figure 4) is a typical e x a m p l e  of the WC coastal 
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Figure 3. A model of H o l o c e n e  e s t u a r i n e  e v ol u t i o n  for Maine, after Belknap et
a 1 . , 1986b and Kelley, 1986. P o s t u l a t e d  sediment transport 
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Figure 4. Location map of the D a m a r i s c o t t a  River estuary, with place names
used in the text, and stop locations.
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It is 25 km long and a v e r a g e s  about 1 km wide with some c o n s t r i c t i o n s  and 
wider reaches. The axis is si nuous to straight, and nearly parallel to 
bedrock strike. It is the type e x a m p l e  of the s t r i k e - p a r a l l e l  e m b a y m e n t  
(Bel knap et a l ., 1986a) .
The bedrock is highly d e fo r me d  schists of medium to h i g h - g r a d e  
a m p h i b o l i t e  facies. Their s e d i m e n t a r y  p r e c u r s o r s  were i n t e r b e d d e d  s a n d s t o n e s  
and impure limestones. The rocks are i d e n t i f i e d  as D e v o n i a n - O r d o v i c i a n  
B uck s p o r t  F o r m a t i o n  on the new state g eol og i c  map (Osberg et al., 1985). 
B ecause of its o r i e n t a t i o n ,  the D a m a r i s c o t t a  e s t u a r y  lies almost e n ti r el y  
within this s i n g l e  rock type in the coastal l i t h o t e c t o n i c  block.
B a t h y m e t r i c a l l y ,  the e s t u a r y  is a series of s e m i - e n c l o s e d  basins, with 
sills and r e v e r s i n g  falls at the c o n s t r i c t i o n s .  At the mouth, it is p r i m a r i l y  
an open marine e m b a y m e n t  up to 37 m deep, while above Fitch Point it is 
e s t u a r i n e  and d o m i n a t e d  by sub- and intertidal flats with some marshes. The 
mean tidal range is 2.7 m, 3.3 m at spring. F r e s h w a t e r  input is from the 
dammed D a m a r i s c o t t a  Lake, at a natural falls, at a mean rate of 3 m 3 / s e c . 
M c A l i c e  (1977, 1979) has shown from e x t e n s i v e  o c e a n o g r a p h i c  data that the 
D a m a r i s c o t t a  is u s u a l l y  a type B, p a r t i a l l y  mixed estuary.
The e s t u a r y  is not h e a v i l y  i m p a c t e d  by man, with open p a s t u r e s  and 
h e a v i l y  wooded m a r g i n s  most common. P o l l u t i o n  of tidal flats and water is 
limited to the i m m e d i a t e  p r o x i m i t y  of D a ma ri s c o t t a - N e w c a s t le . In the past, 
the river has been used for s h i p b u i l d i n g  in n u m e r o u s  locations, an industry 
which c o n t i n u e s  in East B o o t h b a y  today. Another f o r m e r l y  important industry 
was brick making, the r e m n a n t s  of which can still be seen at many l o c a t i o n s  
along the shore.
Seismic s t r a t i g r a p h y  for the e s t u a r y  is based an over 175 km of high- 
r e s o l u t i o n  seismic r e f l e c t i o n  p r of i l i n g,  using R a y t h e o n  R T T 1 0 0 0 A  3.5 kHz and 
O R E - G e o p u l s e  boomer systems. I n t e r p r e t a t l o n  of this remote sensing data is 
c o n s t r a i n e d  by o u t c r o p s  and by 12 s u b m a r i n e  vibr ac o r es . Figure 5 is a 
c o m p i l a t i o n  of typical 3.5 kHz r e c o r d s  from the upper, middle, and lower 
estuary. Be drock is r e c o g n i z e d  by a distinct strong return, while the 
localized e x a m p l e s  of till give a deeper p e n e t r a t i o n  with chaotic internal 
reflectors. Minor m o r a i n e s  are e v ident in several locations, u s u a l l y  
c o r r e l a t a b l e  with o u t c r o p p i n g  m o r a i n e s  onshore. P l e i s t o c e n e  g l a c i o m a r i n e  
s e d i m e n t s  give a sharp return with internal r e f l e c t o r s  or more t r a n s p a r e n t
u n d e r l y i n g  units. In the G e o p u l s e  record, the g l a c i o m a r i n e  units are seen to
have a rhythmic bedded appe a ra n ce ,  which c h a n g e s  from a draped g e o m e t r y  to a
ponded g e o m e t r y  moving up in the section. This is i n t e r p r e t e d  as a change
from d e e p w a t e r  proximal facies of very rapid over- and i n t e r f l o w  d e po s i t i on  
from s u s p e n s i o n  to a more distal, but shoaling s e q u e n c e  d omi n a t e d  by turbid 
underflows. Similar i n t e r p r e t a t i o n s  have been made in Canadian e s t u a r i e s  by 
Piper et al. (1983). The g l a c i o m a r i n e  d e p o s i t s  are cut by a distinct 
u n c o n f o r m i t y ,  and often show t r u n c a t i o n  of r e f l e c t o r s  (e.g. Line D — 16, Fig.
5). The thalweg of the e s t u a r y  is often barren of H o l o c e n e  sediments, 
i n d i c a t i n g  c o n t i n u i n g  erosion by tidal currents. The margins, on the other 
hand, have a c c u m u l a t i o n s  of several meters of H o l o c e n e  mud. Some deep basins 
contain over 1.0 meters of H o l o c e n e  e s t u a r i n e  deposits. In general, the 
pattern of the seismic s t r a t i g r a p h y  is similar to the modern s e d i m e n t a r y  
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u n d e r g o i n g  r e d i s t r i b u t  1 o n , and an inner zone of s e d i m e n t  accumulation. Thus, 
the model applies to the three dimen s i onal  p a c k a g e  of s e d i m e n t a r y  lithosomes.
The H o l o c e n e  local sea-level curve for m i d - c o a s t  Maine (Figure 6) is 
based on peats and shells from cores in m arshes and the deeper embayments.
The best-fit curve through the data is an e x p o n e n t i a l  curve, with a 
c o r r e l a t i o n  c o e f f i c i e n t  of 0.90. The curve shows a rapid rise of 5.45 m/1000 
yrs. about 7000 years B.P., when sea level was 14 meters below present, slowed 
to about 1.2 m/1000 yrs 3000 years B.P. when sea level was 2.5 m below 
present, and f i n a l l y  has slowed to less than 0.5 m / 1 0 0 0  years over the past 
2000 years. A further c o n s t r a i n t  on late H o l o c e n e  sea-level rise is provided 
by the D a m a r i s c o t t a  shell heaps i m m e d i a t e l y  south of the Route 1 bridge. The 
b ase of these C r a s s o s t r e a  v i r g i n i c a  oyster middens has been dated at about
• • • • !■( • I t 4 • • • • • • • • • • • • • I • I • 4 I • • b • •••%•£•• m
2300 yrs. B.P. (Sanger and Belknap, 1986 in press). They p r ovide an important 
clue to sea-level rise, as they o c c u p y  a tidal river which is above a bedrock 
sill now flooded by about 1 meter of water at mean high tide. This level is 
c o n s i s t e n t  with the salt marsh peat data shown in Figure 6. The first 
a p p e a r a n c e  of the oysters, and s u b s e q u e n t  e x p l o i t a t i o n  by A m e r i n d i a n s  thus 
a p p r o x i m a t e l y  dates the first flooding over that sill. Other m i d d e n s  are 
common farther south in the D a m a r i s c o t t a ,  but they are c o m p o s e d  almost
e x c l u s i v e l y  of Mya arenaria, the soft-shell clam. A n der s on  et a 1. (1984) have
■ • • • • ■ •  # • •  • • *••••• •••• • • • • /
shown e v i d e n c e  for a recent more rapid rate of rise, p a r t i c u l a r l y  in eastern
Maine s u r r o u n d i n g  the E ast po r t region, which may be related to crustal 
warping. Data from the P o rt l an d  tide gauge (Hicks et a 1 . , 1983) suggest an 
ongoing rise of 2.3 mm/yr (m/1000 yr): faster than any local l o ng - t e r m  
H o l o c e n e  rate later than about 5000 yrs. B.P. Belknap et a 1 . (1986c in press)
d iscuss M a i n e ' s  local r e l a t i v e  sea-level c h a n g e s  in greater detail.
In summary, we present the f o l l o w i n g  model of e s t u a r i n e  evolution, based 
on our data and e x t r a p o l a t i o n  to the earlier part of the H o l o c e n e  where data 
is sparse. The geological e v o l u t i o n  of the D a m a r i s c o t t a  e s t u a r y  has been 
d o m i n a t e d  by late Q u a t e r n a r y  g l ac i a t i o n ,  d e g l a c i a t i o n ,  and r e l a t i v e  sea-level 
changes. As the ice r e treated, bedrock, glacial and g l a c i o m a r i n e  s edi m e n t s  
were exposed to marine p r o c e s s e s  of erosion as sea level fell to a lowstand 65 
m below the present. A deep valley was cut in the present D a m a r i s c o t t a ,  an 
the outer parts of the p e n i n s u l a s  were stripped of sediment. As sea level 
rose and drowned the valley once more, H o l o c e n e  s e d i m e n t a r y  e n v i r o n m e n t s  took
on an a p p e a r a n c e  similar to today's, with flats and m a r s h e s  dominant in the
upper readies of the p r o t e c t e d  embayment. Early in the t r a n s g r e s s i o n ,  when 
sea level was rising rapidly, s e d i m e n t s  r ewo rk e d from bluffs and uplands were 
e f f i c i e n t l y  carried into the deeper marine, with some p r o p o r t i o n  carried 
h e ad wa r d  in the estuary. As the t r a n s g r e s s i o n  continued, a series of sills 
and basins were o v e r s t e p p e d  and opened to e s t u a r i n e  conditions. Some of these 
may have been lakes, like the modern D a m a r i s c o t t a  Lake and Biscay Pond - 
Pemaquid Pond systems. The most recent o v e r s t e p p i n g  occurred at Johnny Orr, 
the bedrock sill in D a m a r i s c o t t a - N e w c a s t l e ,  with a r e su l t i n g  e x p l o s i v e  
p o p u l a t i o n  growth of oysters, and s u b s e q u e n t  e x p l o i t a t i o n  by Amerindians. As 
the t r a n s g r e s s i o n  flooded the valley, P l e i s t o c e n e  bluffs and earlier H o l o c e n e  
s edi m e n t s  were eroded by wave activity, slumping, and tidal currents. As the 
rate of sea-level rise slowed, s e d i m e n t s  were i n c r e a s i n g l y  stored within the 
estuary, in zone I. In the present setting, we find most s e d i m e n t s  to be
locally derived and deposited, and little e v i d e n c e  for major influx from or 
efflux to the deeper marine.
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Figure 6. H o l o c e n e  local r e l a t i v e  sea-level curve for central coastal Maine,
from P e n o b s c o t  Bay to Popham. Based on data from p ubl i s h e d
r eports and Belknap et al. 1986c in press. The best-fit curve is
an expo ne n tia l f u nct i on  on all the data points except the queried 
l ow- m a r s h  peat from Popham.
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A s s e m b l y  point for this trip will be in front of the a d m i n i s t r a t i o n  
building on the gr ounds of the I .C . Darling Center of the U n i v e r s i t y  of Maine, 
in Walpole, Maine at 0900. A sign along Route 129 a p p r o x i m a t e l y  five miles (8 
km) south of D a m a r i s c o t t a  marks the turn to C l a r k ' s  Cove Road on which the 
l a b o r a t o r y  is situated. T o p o g r a p h i c  maps that cover the field trip are 
the D a m a r i s c o t t a ,  Bristol, and P e m a q u i d  Point 7.5' q u ad r an g le s . Nautical 
chart #13293 from the National Ocean Survey covers the entire area at a scale 
of 1:40,000.
From the Darling Center, p a r t i c i p a n t s  will board the s huttle vans and be 
driven to C h r i s t m a s  Cove, located five miles (8 km) south of the Darling 
Center. At the C o v e s i d e  Marina dock e v e r y o n e  will board the r e se a r ch  vessels 
R/V L e e and R/V M i s s  B e s s  of the U n i v e r s i t y  of Maine fleet for the trip to the 
mouth of the D a m a r i s c o t t a  River. B ecause of the size of the vessels (10 m 
lobster boats), field trip stops will be s t r o n g l y  w e ather dependent. On the 
trip south to D a m a r i s c o v e  Island o b s e r v e  the steep, s o m e t i m e s  vertical sides 
of the river bank. Also note the a b s e n c e  of s e d i m e n t  cover on the adjacent 
terrestrial upl a n d .
STOP 1: D a m a r i s c o v e  Island.
From the larger vessels p a r t i c i p a n t s  will be f erried ashore in small 
boats, either in D a m a r i s c o v e  Harbor or the eastern cove, d e p e n d i n g  on swell 
conditions.
D a m a r i s c o v e  Island was o r i g i n a l l y  h eavily f o r e s t e d  like many of the 
s u r r o u n d i n g  islands, but was cl eared in h i s t o r i c  times by early s e t t l e r s  for 
firewood and p a s t u r e  lands. It r e m a i n s  bare today. The coastal e n v i r o n m e n t s  
of D a m a r i s c o v e  Island typify the s edi me n t stripped, outer zone III of the 
e s t u a r i n e  model (Figure 3), c o n s i s t i n g  mostly of bare bedrock ledge in the 
intertidal region. Note the large b o u l d e r s  and blocks capping bare ledge 
exposed to open Gulf of Maine swells and storm waves, and limited b o uld e r-  
cobble gravel pocket b e a c h e s  in p r o t e c t e d  zones. R o c k w e e d  is d omi na n t in the 
intertidal zone. The rest of the island is covered with thin soils and 
limited po ckets of till, with no thick s e d i m e n t a r y  sections. More s edim e n t is 
found u n d e r w a t e r ,  below about 10 m depth. I m m e d i a t e l y  adjacent to the island 
are p a l e o v a l l e y s  cut into bedrock and P l e i s t o c e n e  glacial and g l a c i o m a r i n e  
s e d i m e n t s  filled with more than 10 m of H o l o c e n e  e s t u a r i n e  and marine muds. 
These s e d i m e n t s  are best p r e s e r v e d  below 50 m depth, with p r o g r e s s i v e l y  less 
p r e s e r v a t i o n  in sh al l o w e r  water. Two former d r a i n a g e  p a t h w a y s  of the 
D a m a r i s c o t t a  river can be traced, one i m m e d i a t e l y  east of D a ma ri s c ov e,  and
also one east of Outer Heron Island (in the next chain of islands to the 




After leaving D a m a r i s c o v e  Island we will transit north up the river, past 
the towns of South Bristol and East Boothbay. The coast is composed p r i m a r i l y  
of rock ledge, with deep water close to shore. There is heavy forest on shore 
in most locations. A l tho u gh  coast land use is i n c r e a s i n g  for summer and 
y e a r - r o u n d  r e s i d e n c e s ,  the area is still p r i m a r i l y  pristine. In any case, the 
rocky coast is stable, and the p r i m a r y  ha zards to h o m e o w n e r s  are wind and salt 
spray during storms.
A p p r o x i m a t e l y  13 km north of D a m a r i s c o v e  Island is the first of several 
bedrock sills that divide the D a m a r i s c o t t a  River into a series of d isc re t e 
basins. The most s e award sill at the southern end of Fort Island (Figure 4) 
rises to within 9 m of mean low water (MLW) and c o n s t r i c t s  to a width of 300 
m. The basins on either side of the sill are more than twice the sill depth. 
The #10 nun buoy on the south side of the n a rrows has been o bse rv e d rolled 
over on its side and c o m p l e t e l y  su bmerged, implying a tidal current of at 
least 2.5 m/sec at m a ximum flow. North from Fort Island na rrows to We nt w o r t h  
Point is a gradual t r a n s i t i o n  from the s tri pp e d outer zone III to the eroding 
central zone II (Figure 4).
STOP 2: I.C. Darling Center, W e n t w o r t h  Point, Walpole, ME.
(LUNCH)
•
The Darling Center was a gift to the U n i v e r s i t y  of Maine from the late 
Ira C. Darling of K e n n i l w o r t h ,  Illinois. In 1965, he donated this p r o p e r t y  of 
130 acres, which includes over 2 km of r i v e r f r o n t  p r o p e r t y  on W e nt w o r t h  Point 
(the site of the dock) to the U n i v e r s i t y  with the s t i p u l a t i o n  that it be used 
as a marine laboratory. In addition, the U n i v e r s i t y  owns the next p eni n s u l a  
to the south, M c G u i r e  Point. That 27 acre p r o p e r t y  was given to the 
U n i v e r s i t y  of Maine by George Willett in 1975, and includes a p i c t u r e s q u e  five 
b e d r o o m  d w e l l i n g  now used to house s t u d e n t s  and v isi ti n g investigators. These 
p r o p e r t i e s  also abut Lowes Cove, a large tidal flat which has been the site of 
n u me ro u s  d e tai l ed  geological and bi ological s t u d i e s  by the lab's scientists. 
F a c i l i t i e s  of the Darling Center include l a b o r a t o r y  and office space, a 
flowing s e aw a te r  l a b o r a t o r y  and a q u a c u l t u r e  facility, library, d o r m i t o r i e s ,
c o n f e r e n c e  and c l a s s r o o m s ,  d i v e r s e  o c e a n o g r a p h i c  s a mp l in g  equipment, and a 
fleet of small boats, including the R/V Miss Bess ana R /V L e e , our 
t r a n s p o r t a tion for today.
The a t t r i b u t e s  of the central eroding zone II are fully d e v e l o p e d  as we
sail upriver to W ent w o r t h  Point. The central zone is c h a r a c t e r t i z e d  by a
p r e d o m i n a n c e  of mudflats which f r e q u e n t l y  front eroding bluffs, and small,
d i s c o n t i n u o u s  fringing marshes. On the D a m a r i s c o t t a  River, t h ese flats, bluffs
and m arshes are best observed on n u m e r o u s  small- to m e d i u m - s i z e d  t r i b u t a r y
bays on the margins of the main estuary. E x a m p l e s  includes Lowes Cove, just
southeast of the dock, and Pleasant Cove, d i re ct l y  across the river to the
southwest. The main river is p r i m a r i l y  r o c k - f r a m e d  well upstream. Above mean
high water (MHW), the sediment cover is thicker, with thin basal till,
w ash b o a r d  moraines, g l a c i o m a r i n e  mud (the P r e s u m p s c o t  Fm.), and localized 
s t r a t i f i e d  drift.
The subtidal s t r a t i g r a p h y  in the v ici ni t y of the Darling Center dock is 




m e t a s e d i m e n t s  is -frequently o v er l a in  by till. C o n f o r m a b l y  o v e r l y i n g  the till 
is the P r e s u m p s c o t  Fm., also of h i g h l y  v a r i a b l e  t h ic k n e s s,  but s o m e t i m e s  over 
10 m. The lower units of the g l a c i o m a r i n e  mud show r h yt h mi c  s t r a t i f i c a t i o n  in 
seismic profiles, which drapes u n d e r l y i n g  rock and till. This is i n t e r p r e t e d  
as proximal, high s e d i m e n t a t i o n  rate d e p o s i t s  p r o d u c e d  by o v e r f l o w  and 
interflow processes. The upper units of the g l a c i o m a r i n e  are ponded, and 
inte r p re te d  as distal d e nsity u n d e r f l o w  deposits. O v e r l y i n g  the distinct 
u n c o n f o r m i t y  is a blanket of H o l o c e n e  mud, r e w o r k e d  from the u n d e r l y i n g  
P r e s u m p s c o t  Fm. by tidal c u r r e n t s  within the e s t u a r y  and by slumps, waves, and 
c u rr en t s  which attack the marginal bluffs. A seismic s i g n a t u r e  which is 
common in the e s t u a r i e s  and n e a r s h o r e  shelf is a wipeout, or a c o u s t i c a l l y  
i m p e n e t r a b l e  zone. This is caused by b i o g e n i c  m e t h a n e  gas in the sediments, 
as c o n f i r m e d  from cores. This gas is found p r i m a r i l y  in muds thicker than 10 
m, near the channel thalweg, and at the mouth of rivers, which have 
s i g n i f i c a n t  terr e st r ia l  o r ganic supplies. The or ganic c o n c e n t r a t i o n ,  critical 
t hic k n e s s  and p e r m e a b i l i t y  of the mud, and p o s s i b l y  the s t r a t i g r a p h i c  p osi ti o n 
at the estuaries' t u r b i d i t y  m a x i m u m  all control the p r e s e n c e  of the gas.
Figure 7 shows some u n d e r w a t e r  v i b r a c o r e s  from the central D a m a r i s c o t t a  
River estuary. Most p e n e t r a t e  to the P l e i s t o c e n e  P r e s u m p s c o t  Fm., which 
c o m m o n l y  causes refusal of our system. The H o l o c e n e  s e q u e n c e s  are quite 
u n i f o r m  e s t u a r i n e  muds, with more or less detrital o r ganic debris and shells. 
Two p a r t i c u l a r l y  important cores are D R - V C - 5  and DR-VC-6. V i b r a c o r e  5 is 4.5
m long, taken 8.67 m below MHW, and p e n e t r a t e s  the P r e s u m p s c o t  Fm. at 4.0 m in 
the core. It is r e m a r k a b l e  in having a 3 m s e q u e n c e  of abundant C r a s s o s t r e a  
v i r g i n i c a , which are now ex tinct within the the river. These may c o r r e l a t e  in 
age with the o y s t e r s  found in the m i d d e n s  at D a m a r i s c o t t a ,  d i s c u s s e d  under 
Stop 5 .  Core D R -VC-6 is 7.54 m long, taken at 7.81 m below MHW, and 
p e n e t r a t e s  the P r e s u m p s c o t  Fm. at 7.15 m. It is a long s e q u e n c e  of H o l o c e n e  
e s t u a r i n e  muds o v e r l y i n g  a basal salt marsh peat. This peat has been 
r a d i o c a r b o n  dated at 6340 + 55 yrs. B.P., our d eepest and oldest r e l i a b l e  s e a - 
level indicator.
TRANSIT 2:
C o n t i n u i n g  the trip north up the estuary, we cross two more bedrock sills 
and their r e s u l t a n t  basins. The first c o n s t r i c t i o n  and sill is 2.3 km north 
of the D a rling Center dock at Merry Island narrows, across from Kelsey Point 
(Figure 4). The second is only 1.5 km farther, at G lidden Ledges. The basin 
formed between the two c o n s t r i c t i o n s  is the s m a l l e s t  along the river. North 
of Glidden Ledges the c o n s p i c u o u s l y  eroding b l u f f s  are mostly w a s h b o a r d  
m o ra in e s  (Smith, 1982) that can be traced on both sides of the river. These 
m o ra in e s  were deposited during d e g l a c i a t i o n  and s u b s e q u e n t l y  have been eroded 
during the H o l o c e n e  t r a n s g r e s s i o n .  Between the m o r a i n e  are lower bluffs 
composed p r i m a r i l y  of P r e s u m p s c o t  Fm.
Just south of Dodge Upper Cove on the west bank of the river is a 
striking e x ample of h i g h - t i d e  pruning of terrestrial vegetation. The lowermost 
branches of trees mark a distinct horizontal datum that a p p r o x i m a t e s  spring 
high tide. This p h e n o m e n o n  is best seen on vertical rock s h o r e l i n e s  with 
o v e r h a n g i n g  conifers.





















































































































































































Small boats will again be used to transfer the p a r t i c i p a n t s  from the 
lobster boats to the eroding p e n i n s u l a  in Dodge Upper Cove. The eroding face 
on the south side of the p e n i n s u l a  c o n s i s t s  of a basal d i a m i c t o n  o v er l ai n  by 
inte r b ed de d  mud and sand, all capped by a thin soil zone. We interpret the 
p e n i n s u l a  as an e ast - w e s t  t r en d in g  minor (washboard) moraine. These 
w a s h b o a r d s  are s t r o n g l y  evident in a i r p h o t o s  in this s e ction of the coast.
The trend of this m o r a i n e  can be traced in seismic data and onto the eastern 
bank of the river.
Toward the base of the p e n i n s u l a  on the s o u t h - f a c i n g  gravel beach is 
e v i d e n c e  of s t r o n g l y  e pis od i c s e dim e nt  transport. A small r e cu r ve d  spit with 
several r e c u r v e s  is present on the high intertidal beach. The o r i e n t a t i o n  
i ndi c a t e s  t ran s p o r t  from the east. The e p i s o d i c  n a t u r e  is s u g g e s t e d  by a 
m o d e r a t e l y  dense marsh grass stand that covers the form during the summer. 
Other g e o m o r p h i c  e v i d e n c e  for d i r e c t i o n  of d o m i n a n t  winds and waves is 
provided by a c o m p a r i s o n  of the north and south faces of the peninsula.
Toward the north the marsh f r in g in g  the tidal flat is narrow and s c a l l o p e d  
along the margins. In addition, the h i g h - t i d e  line is marked by d r i f t w o o d  and 
the mudflat is lttered with boulders. C o n v e r s e l y ,  on the s out he r n side of the 
peninsula, the marsh is thick and broader, while the high tide s h o r e l i n e  is 
marked with less debris and fewer b o u l d e r s  are found on the flat. It a ppears 
that the dominant storm event is from the n o r t h e a s t ,  which is c o n s i s t e n t  with 
local w eather patterns.
Another o b v i o u s  f e a t u r e  in Dodge Upper Cove are the red brick beaches. 
There are three sites in the cove c o mp o se d  of broken and deformed bricks. The 
b r i c k - m a k i n g  i n du st r y  on the D a m a r i s c o t t a  thrived during the e i g h t e e n t h  and 
n i n e t e e n t h  c enturies, peaking b etween 1860 and 1870 (H.W. Castner, unpub. 
manuscript). At least 30 b r i c k y a r d s  were known along the river. The last 
b r i c k y a r d  along the river was o p e r a t e d  well into the 1900's by We bster Kelsey 
of South Bristol. (His g r a n d s o n  T h u r l o w  K e l s e y  is an e m p l o y e e  of the Darling 
Center, and is an ex ce l l e n t  source of local lore). B r i c k y a r d s  were p r e v a l e n t  
here due to the r i v e r b a n k  e x p o s u r e s  of P r e s u m p s c o t  Fm., e x c e l l e n t  docking 
sites, and abundant firewood. B r i c k m a k i n g  was a summer activity, and c o n s u m e d  
an a v erage of 200 cords of f i re wo o d  a season. Most bricks were shipped by 
schooner to better markets. The red brick b e a c h e s  are a c o n s e q u e n c e  of the 
discard of broken or d e fo r me d  specimens. This c o n c e n t r a t i o n  of b r i c k y a r d s  is 
a p p a r e n t l y  unique along the Maine coast, p o s s i b l y  b e c a u s e  of the f i n e r - g r a i n e d  
nature of the g l a c i o m a r i n e  mud locally, which is h o m o g e n e o u s  with few 
d r o p s t o n e s .
TRANSIT 3:
» ... •,.) • . • $ » .. I..,..
P r o c e e d i n g  north from Dodge Upper Cove the t r a n s i t i o n  from zone II to the 
a c c u m u l a t i n g  inner zone I occurs. Starting at P e r k i n s  Point (Figure 4), just 
north of the last stop, e x t e n s i v e  intertidal and subtidal m u d f l a t s  begin to 
rim both sides of the estuary. The typical inner zone I is c h a r a c t e r i z e d  by 
marsh backed by stable bluffs, and m u d f l a t s  backed by eroding bluffs. The 
inner zone I of the D a m a r i s c o t t a  River is unusual in that no large m arshes are 
found a n y w h e r e  along the estuary. F r ing i ng  marshes are present, e s p e c i a l l y  in 
p rot e c t e d  coves. Many of the bluffs in the inner zone are stable, even though 
they are fronted by mudflats, ex posed to waves and ice erosion. It is unclear 
why there are no broad m a rshes in this system, d e s p i t e  a p p a r e n t l y  a m ena b le
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locations. It may be a lack o-f the n u me r o us  t r i b u t a r y  valleys, which allow 
the S h e e p s c o t  River e s tuary to m a i n t a i n  abundant broad marshes.
STOP 4: Linnet Cove
• •• • ■ • • • • • • • ••
If tide level and time permit, we will i l l u s t r a t e  a typical inner zone I 
e n v i r o n m e n t  at Linnet Cove. This area is one of our Sea Grant project 
stations being used to monitor bluff erosion and flat accretion. The 
s i g n i f i c a n t  d i f f e r e n c e s  between zone II and zone I are the u n s t a b l e  versus 
stable nature of the bluffs, and the increased volume of intertidal and 
s hallow subtidal sediment ac cum u l a t i o n .  The bluff at Linnet Cove is more 
stable than the bluff visited at the last stop, as can be noted from the 
c o m p l e t e  v e g e t a t i o n  cover. S l u m p i n g  does occur, however, as can be seen in a 
r e ce nt l y  active slump scar. S lum pi n g  is a common m e c h a n i s m  both in zones 1 
and II, but is more important in zone I due to the lesser effects of direct 
wave and current attack. S lump i n g is thought to p r o v i d e  the m a j o r i t y  of 
sediment to the H o l o c e n e  s y s t e m s  of this zone (Belknap and Kelley, unpub. Sea 
Grant Proposal, 1986). K e l l e y ' s  trip B-8 in Casco Bay this year shows this 
p rocess in more detail.
On the intertidal beach in Linnet Cove is an array of stakes and buried 
steel plates which we are using to monitor h o ri z o n t al  m o ve me n t  of the bluff 
and vertical a c c r e t i o n  or e rosion on the tidal flats, r e s p e c t i v e l y .  The 
stakes are s u rv ey e d  in, and then m e a s u r e m e n t s  with a tape to the bluff are 
taken several times a year in order to d e t e r m i n e  rates of change. The buried 
plates are probed at the same time, to m e asure depth of sediment. Five of 
these arrays are located in the D a m a r i s c o t t a  Estuary, and 18 others are 
located e l s e w h e r e  along the Maine coast (in Casco Bay and M a c h i a s  Bay at 
present). The p u r p o s e  of this ne twork is not only to d e t e r m i n e  trends and 
rates of change of bluffs and flats, but also to serve as a b a s e l i n e  data set. 
These data will be p a r t i c u l a r l y  usefull in a s s e s i n g  the e ffects of a 
p o s t u l a t e d  increase in tidal range across the Gulf of Maine if the proposed 
Canadian tidal power p r o j e c t s  in the Bay of Fundy are c o m p l e t e d  (Greenberg, 
1979; Larsen and Topinka, 1984).
TRANSIT 4:
North of Linnet Cove greater than 757. of the river basin is either 
intertidal or s h a l l o w  subtidal (<1 m depth at MLW). In fact, any boats moored 
in this area must, remain in the channel or they will settle onto the flats.
The broad basin s u r r o u n d e d  by the towns of D a m a r i s c o t t a  and N e w c a s t l e  has been 
affected somewhat by growth in land use, changing from a s h i p - b u i l d i n g  and 
b r i c k - m a k i n g  area to the present r e t i r e m e n t  v i llage and shopping center for 
the Bristol Peninsula. A c c u m u l a t i o n  of mud and e n c r o a c h m e n t  of marsh over the 
former s h i p - b u i l d i n g  ways is evident, and a t te s te d  to by local historians.
The rapid s hoal i n g of this basin since colonial times has not yet been 
c onf i r m e d  g e o l o g i c a l l y ,  but coring and c o m p a r a t i v e  map and chart s t udies are
underway.




STOP 5: D a m a r i s c o t t a  River: Glidden Point Shell M i ddens
After leaving the boats at the D a m a r i s c o t t a  town dock, we will reboard 
the vans. If there is enough time, we will visit the D a m a r i s c o t t a  shell 
middens. Leaving the parking lot, turn left and cross the bridge to
Newcastle, turn right on the Mills Road to the Route 1 e n t r a n c e  ramp (0.8 km;
%
0.5 mi), turn north, proceed 1 km (0.6 mi) to the Route 1 bridge, park' on the 
west approaches.
The D a m a r i s c o t t a  shell middens are c o m p o s e d  almost e x c l u s i v e l y  of
C r a s s o s t r e a  v i r g i n i c a  shells, d i s a r t i c u l a t e d  and m o unded into d i s c r e t e  layers
which c o a l e s c e  into the major m iddens on the north, east, and west sides of 
this bend in the D a m a r i s c o t t a  River. They have been v a r i o u s l y  e s t i m a t e d  to 
have c o n t a i n e d  between 5 and 45 million cubic meters of shells (Castner, 1950) 
before e x t e n s i v e  mining for a g r i c u l t u r a l  lime in the late 1800's. The 
middens have p a l e o e c o l o g i c a l  as well as a r c h a e o l o g i c a l  s i g n i f i c a n c e  b ecause 
there are no viable oyster p o p u l a t i o n s  in the river today, and only limited 
isolated o c c u r r e n c e s  in the S h e e p s c o t  River nearby. Even oyster c u l t u r i n g  has 
not been successful. The o y s t e r s  in the midden, however, are the largest 
known in the world, some over 35 cm long. Shell m i d d e n s  e l s e w h e r e  in the 
river and along the Maine coast are made up p r i m a r i l y  of PI y a a r e n a r i a , and are 
much smaller.
Richard G o l d t h w a i t  (1935) used the D a m a r i s c o t t a  shell heaps as a 
c o n s t r a i n t  on local r e l a t i v e  sea level. A series of bedrock sills between 
D a m a r i s c o t t a - N e w c a s t l e  and this location limit tidal range. One sill, Johnny 
Orr, is only 1 m below MHW. Thus sea level could only have risen that far 
since the midden was produced. Myers (1965) dated shells which s u g g e s t e d  that 
the deposit was 2000 years old. Sanger and Belknap (1986 in press) have 
recently re-ex ami ried the sea-level i m p l i c a t i o n s  of these middens. R a d i o c a r b o n  
dates from the base of the midden range from 1600 to 2300 yrs. B.P. Ar ti f a c t s  
at the top of the midden suggest a b a n d o n m e n t  at least 700 years B.P. The 
later point is important, b e c a u s e  local lore claims that sawdust s mot h e r e d  the 
oysters; in fact, the major p r o d u c t i v i t y  was over long before colonial times.
A similar result o btains for i n cr e a s e d  runoff from colonial d e f o r e s t a t i o n  and 
agriculture. Newell (1983) studied the b i o l o g y  of the oysters, and found that 
all factors in the D a m a r i s c o t t a  River today are c o n d u c i v e  to oyster growth and 
r e p r o d u c t i o n  (salinity, t e m p e r a t u r e ,  turbidity, substrate) except predator 
load. O y sters can t o ler a te  as little as 6 ppt (parts per thousand) salinity, 
with 10-30 ppt most acceptable. Currently, s a l i n i t y  above Johnny Orr ranges 
from 15 ppt in spring to 29 ppt in summer and fall. The p red at o r U r o s a l p i n x  
s p . (oyster drill) cannot survive s a l i n i t y  less than 20 ppt (the "drill 
line"). Thus, it is p r o b a b l e  that oy sters c o l o n i z e d  an optimal location in
the Glidden Point bend as sea level o v e r t o p p e d  the bedrock sill 2300 yrs. B.P.
Indians used the r e s o u r c e  as a p r i m a r y  food source for about a millennium. 
C o n t i n u i n g  sea-level rise allowed the predator U r o s a l p i n x  to intrude, further 
d e c i m a t i n g  the oysters. Both man and oyster drill may have c o n t ributed to the 
oysters decline, but their r e l a t i v e  i m p o r t a n c e  is unknown. Oysters are found 
in s u b c r o p p i n g  defunct reefs in Salt Bay above this point, and are found in 
v i b r a c o r e s  in the lower half of the river. It is likely that the ecological
changes d e s c r i b e d  above were r e p e a t e d  more than once.
This is the final stop of our itinerary. Reboard the vans for the return 
trip to the Darling Center to pick up the cars.
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